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o In Standard Model M, = 0.But, v flavor mix. v ; < v,

lv,) = Z U,|v;) = M, # 0 —> New Physics beyond SM
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o Simplest possibility: Introduce v, to the SM allowing

Ly vy pvp+h.c.
m, ~ 0.1eV, this means Yukawa coupling y, ~ 107121

® Schemes for neutrino masses and mixings
o [ree-level Seesaw mechanism

e Radiative schemes
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e Light neutrino mass is induced via Weinberg’s dim-5 operator, LLp¢@
>2

® Large Majorana mass scale A to suppress the neutrino mass via
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o The scale of new physics can be rather high ~ 10'* GeV
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® Neutrino masses are zero at tree level: v, may be absent
o Small, finite masses are generated as quantum corrections
o Typically involves exchange of two scalars leading to lepton number violation

o Simple realization is the Zee Model, which has a second Higgs doublet and a

charged singlet :
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e Smallness of neutrino mass is explained via loop and chiral suppression

o New physics in this framework may lie at the TeV scale
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Construct a Neutrino mass model with New Physics at TeV scale that
can resolve the following and simultaneously fit neutrino oscillation

data: (Amj3,, AmZ,, sin” 0,5, sin® 03, sin® 0,5, 5-p)
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o Collider Phenomenology with new scalars

o Aa, = h— puandh — 17
(Crivellin, Mueller, Saturnino, 2020)
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Model Ry BRpe ||Bre & Ry
Ss (3.3.1/3)| V X X
S1 (3,1.1/3) X v X
Ry (3,2,7/6)| X v X

. . A.Angelescu et. al,, 21.
* LQ R, explains Ry , S5 explains Ry

e The same R, LQ also induce muon (g — Z)M

* A pair of leptoquark scalars (R, and $;) can generate neutrino
masses radiatively

* Flavor structure to achieve these is very constrained
* Framework can be tested at LHC as well as in processes such as

= Ky
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The model is based on SU(3)~ X SU(2); X U(1)y, with an extended scalar
sector.

5/3 _
R, = (a)%) ~ (3,2,7/6) Sy = (p*™,p'P,p~™) ~ (3,3,1/3)

f),

A = (AT AT, AT, A0 ~ (1,43/2) Model

73~ (3,1,2/3) Model I

The Yukawa couplings are given by

/ Cy, A PJ A i ¢ pJ i
Yuk = fabual/jsze faaneb R 26 yaanTal//bS3a H.c
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ga)sm = u(fP; +f’PR)ea)5/3 + H.c.
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—ARelfor (V*F)3e) (QuFo(q) + Qs F(ay)) |
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o For I TeV LQ mass, the required product of Yukawa is
g—2),: Sz = —0.0019
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O O O O 0 O O O O
/S ={0 0 O =10 /o /s y=10 Y2 Y3
0 S /3 0 Jfn /i Y31 Y32 ()

OR
0O 0 O
J.p (@ = quark flavor ,b — lepton flavor) y=10 y»n O
31 Y32 )33

° f33J23 Tf3s /2t Rp — Rps
° f23 1 mild fine-tuning
° Y Vit Rg — Rgs

. ) 2 .2 ) )
° Vi, Vo3 Uit (AmZI,Am31,8m 0,3, SIN~ 055, S1n“ 0,5, Op)
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Experimental Constraints

° Lﬂi - Lﬂﬂ/ e Bounds from kaons

® |1 — e conversion o Collider constraints

e / — 77 decay

o Rare D—meson Decay
o DY — D" mixing

e Pair-production Bounds
o Dilepton Bounds
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e Same operator to neutrino masses also induces an effective A- quadruplet

coupling to the SM leptons. Y, ~ M /v,

o Same R, LQ responsible for Aa, give rise i — puand h — 77
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e Simple one loop neutrino mass model utilizes TeV scale LQ and
explains B- anomalies.

® Same model simultaneously explains observed muon g — 2
anomaly.

® The model also utilizes quadruplet A, which provides interesting
new collider signals.

* Same Yukawa couplings responsible for the chirally-enhanced Ag,

give rise to SM Higgs decays to muon and tau pairs which could be
tested at future hadron colliders, such as HL-LHC and FCC-hh.

e [he model is consistent with observed neutrino oscillation data.
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Ihank you
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